Diatoms or phytobenthic are often used as bio-indicators of water quality in freshwater ecosystems such as rivers, but have never been used for monitoring the quality of artificial water ecosystems. The objective of this research is to use the diatom as a bioindicator for measurement the success of phytoremediation process of irrigation water that has status hyper-eutrophic and is polluted from organic materials using polyculture of various local hydromacrophytes through batch culture system. This experimental study was conducted in a greenhouse through planting some local emergent, submerged and floating leaf hydromacrophytes on a 30 L bucket with a given substrate from sand and gravel. The experiment used a completely randomized design with two treatment included phytoremediation model and control in the form of substrate without hydromacrophyte which repeated three times at the same time. The success of phytoremediation model was determined through some biotic diatoms indices (Percentage Pollution Tolerant Value/%PTV, Tropical Diatom Index/TDI and Shannon Wiener Diversity Index) as bioindicator and the improved water physics chemical quality on days 0, six, and 13 after incubation. The results showed that phytoremediation process using polyculture hydromacrophytes through batch culture system for 13 days significantly improving the quality of irrigation water. Based on some biotic diatom indices, the water was improved from heavily organic pollution to moderately organic pollution (%PTV), from hypereutrophic to become eutrophic (TDI) and from moderately polluted become slightly polluted (Shannon Wiener Diversity Index). This results also supported from water physico-chemical parameters. Polyculture of some local hydromacrophytes for six days significantly decreased the organic matter content of irrigation water was reflected from the decrease concen- 
Introduction
The existence of an organism varies in different places. This difference is due to the water quality that can affect the composition of the species. Species that can survive in polluted conditions can be used as biological indicators. Some benthic organisms are often used as indicator species for river pollution [1] . Periphytons or more commonly known as aufwuchs or attached benthic algae are groups of various organisms that grow or live on the free surface of objects that float and or sink in water such as plants, wood, stones and so on. Periphytons are generally treated as benthos, but some organisms may be part of the plankton. Pe riphytons have been widely used as bioindicators [2, 3, 4] . The advantages of use periphytons as an indicator of contamination is due to their abundance, is easy to find, collect and identify, and they have different responses to various contaminants. One of the periphyton groups often used as a bioindicator of water quality is the algae of the diatoms group [3] . Diatoms are often used as bio-indicators of water quality in freshwater ecosystems such as rivers, but have never been used for monitoring the quality of artificial water ecosystems (pond or bucket) that had been polluted. Trophic diatom index (TDI), percentage pollution tolerant values (%PTV) and diversity index are some of biotic indices be used to indicate the level of eutrophication, organic pollution and level of toxic pollution [5] .
The freshwater ecosystem in Indonesia, especially surface water sources in general has been polluted due to industrial activities as well as agricultural and settlement [6, 7, 8, 9] . This surface water is the main source of irrigation water. Indonesia today, there is approximately 5 million ha of irrigated rice fields [6] . The irrigation water is distributed to the farm plot with the quantity and quality of water has been adapted to the needs of the cultivated crops, and flows the excess water to other places so it is not to damage the plants. Indonesia government have targeted a Healthy Indonesia program in 2025. Because of many obstacles, problems and complaints related to the intensification of agriculture, so the farm switched back to traditional organic farming. One of the problems faced is the provision of clean water irrigation. The existing irrigation water generally has been contaminated by pesticide residues and synthetic fertilizers. The use of synthetic pesticides in order to increase food production also has a negative impact on the environment. Synthetic pesticide residue is one of the materials that is toxic in the waters [10] .
The polluted water can be controlled by phytoremediation process. Hidrophytes and riparian vegetation in the river or irrigation channels could show a significant role to reduce eutrophication risk and also promoted degradation of toxic residual pesticides accumulated from agriculture ecosystem [11] . The result of research in laboratory experiment has proved that some hidromacrophytes such as Azolla sp., Hydrilla verticillata, Limnocharis flava, Marsilea crenata, Equisetum ramosissium, Typha angustifolia, Scirpus grossus, and Lymnocharis flava in monoculture or polyculture showed high potential as remediator agent of nitrate and phosphate in aquatic ecosystem [12, 13, 14, 15] . However, the successful application of hidrophytes and riparian vegetation to reduce the residual content of synthetic pesticides is unknown.
Based on the above description and also in order to guarantee the availability of irrigation water which is free from pesticide residue of synthetic and have good quality to support organic farming, hence this research purpose is to determine the effectiveness of phytoremediation technology from synthetic pesticide residue was done in batch culture system using polyculture of emergent, submerged and floating leaf local hydromacrophytes which are performed on a laboratory scale in a greenhouse. The success of the phytoremediation process is determined by monitoring the improvement of water quality as reflected by some biotic indices of diatom as bioindicator of water quality and some physico-chemical water parameters.
Material and Methods

Research design
The true-experimental research was conducted in a greenhouse of Biology Department, Brawijaya University. Water quality measurement was conducted in laboratory of Ecology and Animal Diversity Department of Biology Faculty of Mathematics and Natural Sciences, Brawijaya University, Malang. This true experiment using a completely randomized design [16] . The treatment or independent variables were hydromacrophytes species (with and without) and dependent variables were community structure, diversity, some biotic indices of diatoms as a bioindicator of water quality and water physico-chemical parameters. surface area. In this experiment, simultaneously with planting of hydromacrophytes, we also laying of artificial diatom substrate from ceramics 5 × 5 cm 2 as much as 3 pieces in each treatment. The hydromacrophytes were maintained until steady growth and then given irrigation water that has been contaminated with organic and toxic materials. The monitoring of some biotic indices and diversity of diatom and also water physico-chemical quality monitoring performed in each treatment at day 0 (a moment after planting), day 6 and day 13 after incubation.
Monitoring water quality based on diatom as bioindicator and water physico-chemical parameter
The success or effectiveness of the phytoremediation process was known from some biotic indices of diatoms included diversity index, trophic diatom index (TDI) and percentage pollution tolerant values (%PTV) and also monitoring of several water physico-chemical parameters. We were measured at day 0 (a moment after planting), day 6 and day 13 after incubation. Diatoms were obtained from artificial substrate (ceramics 5 × 5 cm 2 ) had been installed in early treatment together with the time planting of hydromacrophytes. Diatom sampling was done by cleansing each side of the artificial substrate with a brush and watered with water and then inserted into a flacon bottle and preservatives in 10 drops of 4% formaldehyde and 5 drops of saturated CuSO4. Diatom identification based on identification book [17, 18] . The physico-chemical parameters were measured in this research included pH, dissolved oxygen (DO), turbidity, total suspended solid (TSS), nitrates and dissolved phosphates (orthophosphates), bicarbonate, BOD, COD, free chlorine and Total Kjeldahl Nitrogen (TKN). Those parameters were de- termined based on standard methods for the examination of water [19] as can be seen in Table 1 . The monitoring of water quality and community structure of diatom was performed in each treatment which plant coverage achieved 50 -75% of the basin area ( Figure 1 ).
Data analyses
The data of diatoms (density and taxa richness) then be used to determined Shannon Wiener diversity index, trophic diatom index (TDI) and the percentage pollution tolerant values (%PTV) as a bioindicator of water quality in the ponds after phytoremediation process [5, 20, 21] . The difference of water quality between the ponds was determined by descriptively statistical using Excel programs.
Results and Discussion
The effectiveness of batch culture system phytoremediation using polyculture of emergent, submerged and floating leaf local hydromacrophytes for improving polluted irrigation water based on Diatom biotic indices
The quality of water irrigation used in this treatment had polluted by organic and toxic material. Polyculture of some local floating leaf, submerged and emergent hydromacrophytes (Scirpus sp., A. calamus, M.crenata, I. aquatica, Azolla sp., Valisneria sp., and H. verticilata) which grown in a basin with sand and gravel substrates in the phytoremediation process using batch culture system capable to increase the irrigation water quality. It could be seen from some biotic indices and the diversity index of diatoms. Improvement of water quality is reflected in the increasing value of diatom diversity index and the decreasing value of TDI and percentage of PTV) as a bioindicator of water quality [22] . In this research, the result of identification and counting of each diatom species abundance in the artificial substrate which was installed together with the planting of hydromacrophytes in the batch culture system then be used for calculating relative density and Shannon Wiener diversity index ( Figure 2 ) and also index biotic of TDI and %PTV (Figure 3 ). The result of identification and calculating the density of diatom showed that there were found 11 taxa of diatom in the batch culture system were used in this research. Gomphonema parvalum and Nitzchia sp. were dominan in the treatments without the plant, and only Nitzchia sp. dominan in the treatment polyculture of some local floating leaf, submerged and emergent hydromacrophytes (Figure 2 ). In generally, there was a decrease in value of Nitzchia sp. 6 and 13 days after incubation. G. parvalum and Nitzschia palea were tolerant spe- cies of organic pollution [21] and a kind of bioindicator of high nutrient levels (eutrophic) and organic pollution in the freshwater [23, 24] . Therefore, decreasing the abundance of G. parvalum in polyculture treatment (Figure 2A ) indicated an increase in water quality of water irrigation used in this treatment or could be said that process phytoremediation using polyculture hydromacrophytes has been successful. Improvement of water quality as a result of phytoremediation process using polyculture hydromacrophytes in this study not only reflected from decreasing the density of G. parvalum but also be seen from increasing value of Shannon Wiener diversity index and decreasing value of TDI and %PTV [5, 20, 21, 22] . The increasing value of Shannon Wiener diversity index of diatom increased from 1.9 to 2.0 -2.3 after phytoremediation process for 13 days ( Figure 2B ). This is indicated that the phytoremediation process in this research has succeeded in improving the water quality from moderately toxic polluted being lightly toxic contaminated. Similarly, based on the value of TDI (Figure 3A) , the status of water changed from hyper-eutrophic (TDI > 80) to eutrophic (TDI = 67) in polyculture treatments. Based on the organic pollution level which can be indicated by the percentage PTV (Figure 3B ), the process of phytoremediation for 13 days incubation could increase the quality of water from heavily organic pollution (PTV = 63 -88%) to some moderately organic pollution (PTV = 57.8%).
The polyculture of Scirpus sp., A. calamus, M. crenata, I. aquatica, Azolla sp., Valisneria sp., and H. verticilata in this research capable to improve the irrigation water quality from moderately toxic polluted being lightly toxic polluted, from hypereutrophic waters become eutrophic waters and decreasing the level of organic pollution from heavily organic pollution become moderately organic pollution. This role of hydromacrophytes as a filter of sediment, toxic substances, phosphorus and nitrogen, and an organic pollutant of the water. The use of hydromacrophytes to reduce N and P as well as a toxic pollutant and organic matter in polluted water bodies has been widely recommended by other researchers [7, 11, 12, 22, 25, 26, 27, 28] .
The effectiveness of batch culture system phytoremediation using polyculture of emergent, submerged and floating leaf local hydromacrophytes for improving polluted irrigation water based on physicochemical quality Polyculture of some local floating leaf, submerged and emergent hydromacrophytes in the phytoremediation process using batch culture system for six days in this experiment could signifi- cantly reduce the levels of BOD, turbidity, TSS, nitrate, orthophosphate and bicarbonate. That phytoremediation process could significantly reduce the concentration of free chlorine, COD and TKN after incubation for 13 days. The value of pH tends to be neutral, however the value of dissolved oxygen did not yet able to increase (Figure 4 ). The concentration of dissolved oxygen in the phytoremediation process for 13 days was not to be able to increase. The levels of DO at the moment after planting hydromacophytes was 4.22 mg/L in the control treatment (without plant) and 5.41 mg/L in the polyculture treatment. Phytoremediation process for 13 days reduces the DO concentration to 2.11 mg/L in the control treatment and 2.01 mg/L in the polyculture treatment. However, this concentration still meets the quality standard of water class IV for irrigation based on the provision of Indonesia government regulation No. 82 of 2001 on water quality management and water pollution control. Hydromacrophytes were used for phytoremediation process is a combina- tion of hydromacrophytes of floating leaf, submerged and emergent hydromacrophytes. Submerged hydromacrophytes have an advantage because of oxygen as a result of photosynthesis directly dissolved in water. Nevertheless, improvements in water quality in this research is still not optimal because the DO value as a result of the phytoremediation process was still low. This is likely due to the smaller number of hydromacrophytes had been planted, so the oxygen as the result from photosynthetic process only can be used for respiration of all water organism in the basin. The filter of sediment through phytoremediation process for 6 days in this research has been able to significantly reduce the value of turbidity in the irrigation water from 27.1 NTU to 3.24 NTU in the control treatment without plant and from 19.97 NTU to 1.46 NTU in the polyculture treatment. This shows that planting of hydromacrophytes has an impact on the sedimentation process of suspended solids in irrigation water. Polyculture of some local floating leaf, submerged and emergent hydromacrophytes for 6 days have also reduced the levels of total suspended solids (TSS) significantly from 14.6 mg/L to 0.08 mg/L. This value is significantly different with control treatment without plant that capable to reduce TSS from 14.69 mg/L to 2.55 mg/L. The value of TSS is in compliance with the quality standards of Class I and II based on Indonesia government regulation with a maximum limit of level 50 mg/L. This phytoremediation process besides being able to filter suspended solids is also able to reduce nutrients such as phosphorus and organic nitrogen in the water [25, 26] . The residue of synthetic fertilizers in irrigation water can be reflected in the levels of P and N in the waters either in the form of dissolved phosphate or orthophosphate, TKN and nitrate. Planting of some local floating leaf, submerged and emergent hydromacrophytes in phytoremediation basin for 6 days able to reduce levels of nitrates and phosphates dissolved in the waters significantly and there was needed incubation for 13 days to reduce the value of TKN (Figure 4) . Phytoremediation process using polyculture hydromacrophytes for 6 days has successfully decreased the levels of nitrates in the irrigation water from 1. and Ludwigia adscendens has also been proven to reduce pollutants of dissolved N and P are derived from synthetic fertilizer and other materials on the scale of the greenhouse through a batch culture system [14, 15, 27, 29] .
The existence of organic matter in the waters can be known from the parameter values of BOD and COD. BOD and COD are the levels of oxygen needed to degrade organic materials biologically (BOD) and chemically (COD). The irrigation water used in this research have concentration BOD 12.76 -14.79 mg/L and COD 48.3 -60.2 mg/L. Polyculture of some local floating leaf, submerged and emergent hydromacrophytes for 6 days capable to reduce the value of BOD to 3.61 mg/L and bioremediation process without plant only capable to reduce BOD to 6.14 mg/L. The maximum limits of BOD based on Indonesia government standard Class III for agriculture is 6.0 mg/L. So, it can be met if the irrigation water is controlled by phytoremediation process. COD reflected the concentration of toxic material in the water. Phytoremediation using polyculture hydromacrophytes for 6 days was not capable to reduce the value of COD significantly, but the phytoremediation process using polyculture of hydromacrophytes for 13 days capable to reduce COD from 48.3 mg/L to 18.2 mg/L, and treatment without plant capable to reduce COD from 60.21 mg/L to 11.75 mg/L. This concentration had met the Indonesia government standards Class II for agriculture (maximum 25 mg/L). Therefore, this phytoremediation model has succeeded in reducing the COD level to meet the standards Class II, although the BOD content only meets the standards Class III.
The existence of pesticide residues can be re flected from COD and free chlorine. The irrigation water used in this treatment have a concentration of free chlorine 0.09 -0.21 mg/L. Bioremediation process whether or not with hydromacrophytes for 13 days capable to reduce free chlorine to 0.02 -0.04 mg/L. This value had met the Indonesia government standards Class II for agriculture (maximum 0.03 mg/L). Hydromacrophytes has a contribution to increased infiltration of water into the soil and also expected to be utilized in the phytoremediation process to degrade toxic contaminants such as fertilizer and toxic pesticide residues were applied to agricultural land [11] .
Comparison of irrigation water quality without and with phytoremediation process through batch culture system The effectiveness of phytoremediation process in batch culture system using polyculture of some local floating leaf, submerged and emergent hydromacrophytes (Scirpus sp., A. calamus, M. crenata, I. aquatica, Azolla sp., Valisneria sp., and H. verticilata) which grown in basin with sand and gravel substrates can be seen from the improvement of water quality on the 6 and 13 days after incubation compared with the day 0 that is shortly after planting. If the phytoremediation process can effectively improve the water quality, there will be significant differences in physical-chemical that can be reflected from decreasing value of pollutant parameters, increasing value of diatom diversity index and the decreasing value of TDI and %PTV as a bioindicator of water quality on 6 and 13 days after incubation. The differences in water quality can generally be seen in the result of water quality data analysis based on Cluster and Biplot analysis as seen in Figure 5 . Based on cluster analysis, it can be seen that there was a significant difference in the water quality between day 0 and day 6 as well as 13 after incubation. Based on Biplot analysis it can be seen that water quality shortly after treatment is characterized by high values of all parameters of water physico-chemical parameter, TDI, %PTV and low value of diatom diversity index. It is indicated that before phytoremediation processes the irrigation water quality had polluted by the organic and toxic material. Phytoremediation process for six days could significantly reduce the levels of BOD, turbidity, TSS, nitrate, orthohosphate, bicarbonate and also decrease the toxic pollutant based on diatoms diversity index. There was difference ability between polyculture phytoremediation process and treatment without hydromacrophytes at 6 days incubation. Phytoremediation process using polyculture of hydromacrophytes was more effective compared with treatment without plants. The phytoremediation process and also treatment without hydromacrophytes (only using substrates from sand and gravel) more effective or could significantly reduce the concentration of free chlorine, COD and TKN and also TDI which reflected in organic pollution become moderate and decreasing status trophic (%PTV) become eutrophic after incubation for 13 days. Therefore, it can be concluded that the phytoremediation process in this research treatment has been able to improve water quality based on water physico-chemical parameter and some diatom biotic indices as a bioindicator of water quality.
Conclusion
Polyculture of some local floating leaf, submerged and emergent hydromacrophytes in batch culture system for 6-13 days has been able to improve the quality of water in irrigation canals that was reflected from the value of diatom diversity and some biotic indices of diatoms as bioindicators and also reducing the value of some water physico-chemical parameters. However, it is still necessary to improve the phytoremediation process that can increase the levels of dissolved oxygen to meet the standards has been set by the government.
